Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) are biochemical markers used to test for liver diseases. Copy number variation (CNV) plays an important role in determining complex traits and is an emerging area in the study various diseases. We performed a genome-wide association study with liver function biomarkers AST and ALT in 407 unrelated Koreans. We assayed the genome-wide variations on an Affymetrix Genome-Wide 6.0 array, and CNVs were analyzed using HelixTree. Using single linear regression, 32 and 42 CNVs showed significance for AST and ALT, respectively (P value ＜ 0.05). We compared CNV-based genes between the current study (KARE2; AST-140, ALT-172) and KARE1 (AST-1885, ALT-773) using NetBox. Results showed 9 genes (CIDEB, DFFA, PSMA3, PSMC5, PSMC6, PSMD12, PSMF1, SDC4, and SIAH1) were overlapped for AST, but no overlapped genes were found for ALT. Functional gene annotation analysis shown the proteasome pathway, Wnt signaling pathway, programmed cell death, and protein binding. [BMB reports 2011; 44(9): 578-583]
INTRODUCTION
The biochemical liver function test (LFT) is commonly used to indicate for the extent of liver damage. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) are biochemical markers used to test for liver diseases and are sensitive markers of hepatocellular disorder (1) . The AST/ALT ratio is used as indicator for identifying cirrhosis in hepatitis patients (2) . Whereas an AST/ALT ratio ＜ 1 indicates mild liver damage such as nonalcoholic fatty liver disease (NAFLD), an AST/ALT ratio ＞ 1 indicates serious liver disease such as cirrhosis, alcoholic fatty liver disease, or chronic hepatitis (3, 4) .
Genetic variations are shown by large-scale structural variants found in different individuals. Copy number variation (CNV) is a form of structural variation as a DNA segment ≥ 1 kb in size when compared to a reference genome. Studies on genetic variation contribute to the understanding of individual phenotypic differenceswhich can be manifested in drug dosage effects and susceptibility to disease (5, 6) . Many CNVs in the human genome have been identified in various populations (7, 8) . According to a CNV study from 4 populations with different ancestries in Asia, Africa, and Europe, CNVs accounted for ∼12% of the genome in thesepopulations (9) . CNVs have been shown to comprise 17.7% of the detected variationsin gene expression. Consequently, CNVs play an important role in determining complex traits (10, 11) . Many studies on the association between CNVs and complex diseases in humans have been reported (12) . Recently, a genome-wide CNV association study on AST and ALT in Koreans revealed 39 genes (13) . However, association studies between CNV and diseases have been hindered due to incomplete knowledge of CNV detection criterion and lack of a reference CNV. Additionally, although most of the CNVs have been identified in various populations, the results may not directly apply to CNVs of all ethnicities (14) . In this study, we performed a genome-wide association study on CNVs and liver function biomarkers (AST or ALT) in 407 unrelated Korean subjects. We compared CNV-based genes in the current study with those in KARE1. Nine genes were overlapped for AST. This result has functional implications for CNVs associated with liver function.
RESULTS

Genome-wide association analysis between CNV and hepatic biomarkers
This study used genotype data from the 407 Korean individuals in the Korea Association Resource (KARE2) project, as by the Korean National Institute of Health. We focused on indentifying significant CNVs associated with hepatic biomarkers AST or ALT. The values of AST and ALT were transformed to 1/(y) and 1/square (y) to approximate a normal http://bmbreports.org BMB reports distribution. We compared bean plots to show the frequency distributions of the AST and ALT in 407 individuals. We did not show differences in distributionsbetween men and women. CNVs were obtained from 407 individuals using the multivariate segmenting capability provided by HelixTree software. The total number of CNVs using all 407 chips as a reference was 3,046. We analyzed the impact of a single CNV for each quantitative phenotype using single linear regression.
Results showed the positive β values of AST and ALT were 1,605 and 1,949 respectively, and the negative β values were 1,441 and 1,097 respectively. Of the CNVs tested in singlelinear regression, 32 and 42 CNVs were significant forAST and ALT at the P value ＜ 0.05, respectively ( Fig. 1) . Fig. 2 showsthe genome-wide association signals for AST and ALT on all 22 autosomes in Manhattan plots. We found 140 and 172 genes totally located within the significant CNV regions for AST and ALT, respectively.
Replication of CNV-based genes associated with AST and ALT
We asked whether any gene was replicated when comparedto the earlier study. Using GWAS meta-analysis for our genes within a CNV, we compared CNV-based genes between the http://bmbreports.org autosomes. Association was assessed using single linear regression adjusted for gender and age. The X axis shows chromosomal locations, and the P values were plotted on the Y axis using a logarithmic scale. The black dotted significant CNVs (P value ＜ 0.05) and the red dotted genes associated with the liver were identified in previous studies. current study (KARE2; AST-140, ALT-172) and KARE1 (13) (AST-1885, ALT-773) using NetBox software. Results showed that 9 genes (CIDEB, DFFA, PSMA3, PSMC5, PSMC6, PSMD12, PSMF1, SDC4, and SIAH1) were overlapped for AST, but no overlapped gene was found for ALT. A total of 8 genes appeared within the network modules, but SDC4 was not present within the network at the shortest path threshold of 2, and the linker P value cut-off of 0.05. We discovered 4 large modules, with a network modularity score of 0.004. Fig. 3 shows visualized networks as determined using Cytoscape.
Proteasome pathway is enriched in AST
To probethe functional implications of structural variants, we analyzed the functional annotation of the 9 genes using the DAVID tool. Four genes (PSMF1, PSMC6, PSMD12, and PSMA3) were enriched in the proteasome biochemical pathway (P = 2.20E-07). The proteasome play a role in inhibiting cytokine production by liver cells. A decrease of proteasome activity develops during alcoholic liver injury and leads to inhibition of cell death. Therefore, chronic ethanol consumption suppresses proteasome activity in the liver (15, 16 
Programmed cell death and protein binding are enriched in AST
Three genes (DFFA, CIDEB and SIAH1) were enriched in the programmed cell death (P = 0.04). Programmed cell death (PCD) plays an important role in liver development (19 (27) . The SDC4 gene is comprised of 5 exons, and located in human chromosome 20q12. Table 1 shows that in previous studies, all 9 genes were reported to be associated with liver function.
DISCUSSION
An association study of CNV is important to understand the effect of variations on complex diseases. We identified 3,046 CNVs from 407 unrelated Korean subjects. CNV sizes ranged from 1,002 to 24,744 kb, with a median size of 547 kb. The NetBox software is based on copy number alteration and sequence mutation data, and assemblesaltered genes. It identifies linker genes, connects all altered genes, and then identifies network modules and calculatesnetwork modularity (28, 29) . Although many meta-analysis methods have been reported (30) , none were appropriate for our gene-based CNV data. For GWAS meta-analysis of our genes within CNV, we compared CNV-based genes between the current study and KARE1 using NetBox for metaanalysis. Results showed that 9 genes (CIDEB, DFFA, PSMA3, PSMC5, PSMC6, PSMD12, PSMF1, SDC4, and SIAH1) were overlapped for AST, but none were overlapped for ALT.
Regarding functional implications of the 9 genes, we analyzed functional annotation using the DAVID tool. Four genes (PSMF1, PSMC6, PSMD12, and PSMA3) were enriched in the proteasome biochemical pathway, which inhibition cytokine production by liver cells. And SIAH1 was shown Wnt signaling pathway, which plays a role in liver development and regeneration (17) . The decrease of proteasome activity causes alcoholic liver injury and inhibits liver cell death. Therefore, chronic ethanol consumption suppressed proteasome activity in the liver (15, 16) . Richert et al. reported that PSMC6 (ATPase activity subunit) and PSMD12 (a non-ATPase subunit) were significantly overexpressed in human hepatocytes (31) . The enriched Gene Ontology terms included programmed cell death (DFFA, CIDEB and SIAH1; P = 0.04) and protein binding (all 9 genes; P = 0.0071). The PSMC6 and PSMD12 genes encode a 403 and 397 amino-acid protein, and are located on chromosome 14q22.1and 17q24.2, respectively. Okabe et al. found the expression of SIAH1 was downregulated in all hepatoma cells lines. The decreased expression of SIAH1 plays an important role in the development of hepatocellular carcinoma (18) .
In conclusion, we identified CNVs associated with the liver biomarkers of AST and ALT in 407 unrelated Koreans using the Affymetrix Genome-Wide 6.0 array. Four genes (PSMF1, PSMC6, PSMD12, and PSMA3) are involved in the proteasome biochemical pathway, and SIAH1 was shown to be active in the Wnt signaling pathway. The 3 genes (DFFA, CIDEB, and SIAH1) were active in programmed cell death, and all 9 genes showed significant enrichment in protein binding, based on Gene Ontology. The enrichment of these genes suggests susceptibility or resistance mechanisms for liver disease. The CNV-based genes identified in this study will provide a valuable resource for further investigations of liver diseases. Additionally, our results require validation for candidate genes using quantitative PCR (qPCR). 
MATERIALS AND METHODS
Research subjects
Association analysis between CNV and hepatic biomarkers
We assayed the genome-wide variations on an Affymetrix Genome-Wide Human 6.0 array (Affymetrix, Santa Clara, CA, USA). CNVs were analyzed using the copy-number analysis module (CNAM) in the HelixTree software (Golden Helix, USA) (32) . The HelixTree analysis software reads the intensity files, and runs normalization on probe intensities against reference samples, creating normalized log2 ratios. CNVs require a reference genome to be compared with samples. If a reference consists of imported chips run in different labs or using ethnicities, systematic differences represented variability. Hence, we used all 407 chips as reference sets to decrease the variability as much as possible. CNAM module analysis was done using a multivariate algorithm, a moving window of 5,000 markers, a maximum of 40segments per window, a minimum of 1 marker per segment, and a significance level of P = 0.01 for pairwise permutations (n = 1,000). Single linear regression was performed to test for association between single CNV as a dependent variable and adjusted for each phenotype associated with continuous response variables. We adjusted for the effects of gender and age of individuals in this analysis. For multiple testing, we used a P value of ＜ 0.05 to signify statistical significance. All statistical analyses and parsing were performed using R and Python software.
Enrichment analysis of CNV-based genes
We assembled the genes totally located within the CNV region associated with the phenotypes. The genes were annotated using the RefGene (UCSC genome browser ver. hg18). NetBox software (http://cbio.mskcc.org/tools/netbox.html) (28) was used for GWAS meta-analysis, and networkmodules were visualized using Cytoscape (33) . Gene enrichment analysis was performed using a total of 255 genes included in our CNVs. For that, we adopted 2 function sets from the DAVID tool (http://david.abcc.ncifcrf.gov/) (34), including Gene Ontology (35) and KEGG pathway (36) .
